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CALCULATED  RESEARCH  ON  THE  ENERGETIC  CHARACTERISTIC 
OP  TN  IN  COMPOSITE  SOLID  PROPELLANT 

Zhang  Wei  &  Tian  Deyu 

■  ABSTRACT 

Vj 

This  paper  discussed  briefly  the  properties  of  a  new  organic 
oxidixer — 2, 3, 5, 6 — Tetranitrato-1, 4-Dinitropiperazine  (TN) .  On  the 
basis  of  the  method  of  White's  Minimization  of  Gibbs  Free  Energy, 
we  also  studied  the  energetic  characteristics  of  TN  in  Composite 
Solid  Propellant  by  means  of  electronic  computer.  The  calculated 
results  show  that  the  theoretic  specific  impulse  of  the  system  of 
TN,  Al  and  HTPB  reaches  276  seconds,  about  ten  seconds  higher  than 
the  system  of  AP,  Al  and  HTPB.  This  shows  that  TN  does  act  as  a 
high  energetic  oxidizer.  The  paper  also  did  an  initial  research  on 
the  energetic  characteristics  of  composite  solid  smokeless  propel¬ 
lant  consisting  of  TN  and  HTPB. 

1.  I  FOREWORD 

Propellants  are  -the  sources  of  power  for  airborne  vehicles. 

From  oles  rocket  range  formula  and  terminal  velocity  of  the  main- 
power  section  equation: 

v>-l,g  •ln(l+H',/rrt) 

X  mm2S,+  K  'I'i 

where  i/»  is  the  maximum  value  of  the  terminal  velocity  of  the 
main-power  section 

I  is  the  specific  impulse  of  the  propellant 
w  ,  Wv  are  the  weight  of  the  propellant  and  the  structural 
weight  of  the  engine  respectively 
is  the  range  for  the  main -power  section 
g  is  the  gravitational  acceleration 
K  is  the  constant 

From  the  equations  it  can  be  seen  that  the  rocket  range  is  propor¬ 
tional  to  the  specific  thrust,  on  the  other  hand,  when  tne  range 
and  other  parameters  are  fixed,  then  the  increase  of  specific 
impluse  will  reduce  the  quantity  of  chemicals.  Therefore,  the  total 
weight  of  theengine  is  reduced,  it  is  because  of  this  that  ways  and 
approaches  to  enhance  the  energy  of  propellants  represent  most 
important  meanings  to  the  development  of  aero-industries.  One  of 


the  major  methods  to  enhance  the  energy  contained  in  the  propellants 
is  to  incorporate  more  energetic  materials  in  the  propellants,  such 
as  energy-containing  oxidizing  agents,  adhesives,  and  etc.  This 
article  describes  the  theoretical  research  on  the  energetic  charac- 
terstics  of  a  new  energy-containing  oxidizing  agent  TN  in  the  solid 
propellant. 

Tseng-hwei  wang  and  Deyu  Tian  designed  and  synthesized  the  2,3, 

5 , 6-Tetranitro- 1 , 4-Dinitropiper az ine  (TN)  in  the  early  seventies. 

When  compared  with  commonly  used  oxidizer  Ammonium  Perchlorite  (Ap) , 

TN  has  the  advantages  such  as  it  does  not  contain  chloride  in  the 

element;  high  energy.  All  of  these  have  never  been  reported  before. 

This  paper  briefly  describes  the  physical  and  chemical  properties 

of  TN-  Based  on  white's  Minimization  of  Gibbs  Free  Energy  theory, 

FORTRAN  language  was  used  to  program  a  series  of  computer  routines. 

Calculations  were  conducted  on  DPS-6  system.  Systematic  computations 

were  performed  on  HTPB  (  Hydroxyl  Terminated  Poly  Butadiene 

) -TN,  HTPB-Al-TN  and  HTPB-Al-Ap-TN  systems  of 

composite  solid  propellants.  Parameters  such  as  theoretical  impulse 

(I  ),  characteristic  speed  (c*) ,  combustion  chamber  temperature 
sp 

(Tc) ,  and  combustion  products  were  found.  Definite  routines  have 
also  been  derived,  when  the  weight  ratio  of  TN  to  HTPB  is  9  to  1  in 
the  HTPB-TN  propellants,  the  theoretic  impulse  reaches  its  maximum 
value  of  269.33  seconds.  Energetic  characteristic  value  increases 
with  the  increase  of  TN  content  in  the  HTPB-TN-Ap-A  propellant. 
Should  TN  replace  all  Ap,  /.»  can  be  increased  by  ten  seconds.  It 
is  obvious  that  TN  definitely  is  a  high  energetic  organic  oxidizer. 
It  deserves  further  study. 

2.  CONCISE  PHYSICAL  AND  CHEMICAL  PROPER¬ 
TIES  OF  2, 3,5,  6-TETRANITRATO- 1,4- 
DIN  ITROPIPERAZ INE  (TN) 

TN  is  a  new  type  of  high  energy  organic  oxidizer.  Synthesized 
TN  is  in  the  form  of  white  short  cylindrical  crystal.  Melting  point 
is  138-140  degrees  celcius.  Through  element  analysis,  infrared 
spectrum  and  nuclear-magnetic  resonance  its  chemical  formula  is 
determined  to  be  ^H^NgO^  with  the  configurations 


NO, 

I 

N 

/  \ 

O.NO-CH  HC-ONO, 

I  i 

O.NO-CH  HC-ONO, 

\  / 

N 

I 

NO, 

Heat  of  combustion  is  -4647.17  kj/kg,  Heat  of  formation  is  -220.62 

20 

kj/mole  (-525.26  kj/kg).  Specific  weight  c^q  is  1.812.  Theoretic 
oxygen  content  is  60.95%.  Oxygen  content  per  unit  volume  is  1.105 
g/cm  ,  close  to  liquid  oxygen  (for  liquid  oxygen,  the  oxygen  con- 
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tent  per  unit  volume  is  only  1.14  g/cm  ). 

3.  ENERGETIC  CHARACTERISTIC  OF  TN  IN 
SOLID  PROPELLANT 

Based  on  white's  minimization  of  Gibbs  Free  Energy  theory 

FORTRAN  language  is  used  to  program  the  ccnputer  sequence  to  calculate  the 

propellant’s  energy  characteristics.  Parameters  such  as  theoretic 

impulse  I.,,  Combustion  Chamber  Temperature  T,  and  average 

molecular  weight  of  gaseous  products  *»•  are  computed.  Results 

(2) 

from  calculation  were  close  to  documented  values  .  Theoretic 
impulse  fluctuates  within  the  range  of  one  second,  see  table  1. 

This  shows  that  the  calculation  method  and  sequence  are  accurate 
and  reliable. 

The  discussion  in  this  paper  is  restricted  to  a  simple  propellant 
system  composed  of  oxidizer,  adhesives  and  metallic  additives.  It  is 
assumed  that  other  minor  components  do  not  affect  the  energy  greatly 
Properties  of  compounds  used  can  be  seen  in  table  2. 

HTPB  was  chosen  to  be  the  adhesive.  Computation  of  the  energe¬ 
tic  characteristic  values  were  conducted  for  the  following  three 
systems: 

1.  The  effects  of  TN  and  Al  content  changes  on  energetic  characteri 
sties  in  the  TN-HTPB-Al  system.  HTPB  content  is  fixed  (11%),  the 
energy  of  the  propellant  increases  with  the  increase  of  aluminum 
content '  (TN  content  is  reduced  accordingly) .  Aluminum  content  in¬ 
creased  by  20%,  theoretical  impulse  increased  seven  seconds,  com¬ 
bustion  chamber  temperature  increased  by  680K  v/hile  characteristic 


velocity  is  increased  by  48  meter/sec  (See  Table  3  and  Figure  1) 
Calculation  results  show  that  with  the  increase  of  combustion 
chamber  temperture  T, ,  theoretic  impulse  l,t  and  characteristic 
velocity  C#  both  increase.  However,  with  the  increase  of  the 
average  molecular  weight  of  combustion  products,  the  theoretic 
impulse  and  characteristic  velocity  both  decrease.  The  insulation 
index  does  not  have  great  influence.  All  this  agrees  with  the 


wKere  B,  is  the  average  molecular  weight  of  gaseous  products. 


2.  The  Influence  of  TN  and  Ap  content  changes  In  the  TN-Ap-Al-HTPB  system  £87 
on  the  energetic  characteristics 

When  the  HTPB  and  A1  contents  were  fixed  (HTPB  was  112,  A1  was  162),  the 
energy  of  the  propellant  increased  with  the  increase  of  TN  content  (Ap 
content  decreased  correspondingly).  On  the  average  when  the  content  of 
TN  increases  by  12,  the  specific  impulse  increases  by  0.15  second. 

The  combustion  chamber  temperature  increases  by  5.6K,  while  the 
characteristic  speed  increases  by  0.93  meter/second.  If  the  Ap  in  the 
system  composition  were  totally  substituted  by  TN,  the  I  would  ex¬ 
ceed  those  propellants  without  TN  by  approximately  ten  seconds.  The 
results  from  calculations  can  be  seen  in  table  4  and  figure  2. 

It  was  well  known  that  the  energy  content  of  a  propellant  is  proportional  /88 
to  the  summation  of  its  components*  formation  heats.  Because: 


U  -  A  Lj  ^  A  11 

combustion  product  "propellant 


where  aH. 


and  *H_ 


are  the  heat  of  combustion 


",,c,c“"combustion’  “"product  "propellant 

of  the  propellant,  formation  heat  of  the  products  and  the  formation  heat 
of  the  propellant  components  respectively.  The  formation  heat  of  TN  is 
greater  than  that  of  Ap,  therefore  the  increase  of  TN  content  of  TN  results 
in  the  enhancement  of  energy  content.  From  the  chemical  configuration 
point  of  view,  TN  has  more  high-energy  radical  groups  -NN02,  -0N02.  TN 
does  not  contain  the  element  Cl,  therefore  the  energy  of  TN  is  greater 
than  that  of  Ap.  Calculations  also  verified  this  point. 

3.  The  influence  of  TN  and  HTPB  content  changes  in  the  TN-HTPB  smokeless 
propellant  system  on  the  energetic  characteristics 

With  the  increase  of  TN  content  (HTPB  content  decreases  correspondingly), 
the  theoretic  specific  impulse  0Sp)>  characteristic  speed  (C  )  both 
increase  promptly.  TN  Increases  from  802  to  902.  This  results  in  the 
increase  of  1^  from  247.96  second  to  269.33  second.  I§p  Increased  by 
21.4  seconds.  However,  when  the  content  of  TN  kept  on  increasing,  the 
energetic characteristicvalvx*\iuch  as  I  started  to  decrease  gradually. 
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When  the  TN  content  was  90%,  theoretic  specific  Impulse  I  had  the  IBB 
maximum  value.  See  table  5  and  figure  3  for  this  result.  At  the 
maximum  point,  the  oxygen  equilibrium  for  the  propellant  was  -11.4%. 

Viewed  from  the  calculation  results,  with  the  Increase  of  TN  content,  the 
CO2  content  in  the  product  increases  promptly.  HgO  and  CO  contents  decrease 
at  the  same  time.  The  heat  released  through  combustion  increased,  the 
combustion  temperature  increased  also,  therefore  the  specific  impulse 
was  enhanced.  However,  when  the  TN  content  was  too  high,  the  degree  of 
oxidization  of  the  products  increased,  i.e.  the  contents  of  CO2  and  0 ^ 
both  increased;  when  TN  content  exceeds  90%,  the  content  of  02  increased 
significantly  which  resulted  in  the  decrease  of  combustion  temperature. 

Average  molecular  weight  of  the  product  increased  because  of  the  compli¬ 
cated  molecules  such  as  CO2  and  O2  increased  greatly  in  the  products. 

Specific  impulse,  therefore,  decreased  promptly.  See  table  6  and  figure  4 
for  this  phenomenon. 

The  composite  smokeless propellantcomposed  by  HTPB  and  TN  does  not  contain  ^89 
elements  A1  and  Cl.  The  smoke  generated  by  combustion  is  greatly  reduced. 

This  meets  the  requirements  for  practical  applications  on  satellites,  cosmic 
aeroships  and  tactical  rocket  engines.  When  compared  with  propellants  con¬ 
taining  A1  or  Cl,  it  has  the  advantages  such  as  low  combustion  temperature, 
small  combustion  erosion  on  the  engine  nozzle,  low  average  molecular  weight 
of  combustion  gases,  no  two-phase  flow  losses  and  high  energy  efficiency. 

Because  the  effective  oxygen  content  of  TN  is  high  and  also  its  energy 
content  is  high,  therefore  we  have  tried  to  use  TN  to  replace  the  oxidizer 
Ammonium  nitrate  in  non-smoke  propellant.  Calculation  research  has  been 
performed  on  that  system.  The  results  showed  that  with  the  addition  of  TN, 
the  specific  impulse  of  that  non-smoke  system  was  greatly  enhanced.  The 
highest  specific  impulse  was  close  to  those  propellants  containing  Aluminum 
and  Ap.  From  the  above  calculations  and  discussions,  theoretically  speaking, 

TN  is  an  energy-containing  organic  oxidizer. 
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4.  CONCLUSION 


Nitrogen  content  of  2,  3, 5 , 6-Tetranitrato-l, 4-Dinitropiperazine 
is  26.61%.  Oxygen  content  (6136)  is  high.  Density  is  relatively 
large,  oxygen  content  per  unit  volume  (1.105  g/cm  )  is  close  to 
that  of  liquid  oxygen.  Theoretic  specific  impulse  for  single¬ 
component  propellant  is  233.21  seconds.  When  mixed  with  HTFB  to 
form  smokeless  propellant,  the  specific  impulse  increases  with  the 
increase  of  TN  content.  When  TN  content  reaches  90%,  the  theoretic 
specific  impulse  has  the  maximum  value  of  269.33  seconds.  Cha¬ 
racteristic  speed  C  reaches  1610.5  meter/sec.  The  composite  solid 
propellant  system  composed  of  TN,  HTPB  and  Al  has  theoretic  speci¬ 
fic  impulse  of  276  seconds  with  characteristic  speed  1662  meter/se¬ 
cond. 

For  the  HTPB- Al -TN- Ap  propellant  system,  when  HTPB,  Al  contents 
are  fixed,  specific  impulse  increases  with  the  increase  of  TN  con¬ 
tent  (Ap  content  decreases  correspondingly,' .  The  value  changes 
between  265  and  275  seconds. 

We  arrive  at  the  conclusion  from  above  discussions  when  energy- 
containing  oxidizer  and  other  energy-containing  module  of  the  pro¬ 
pellant  are  employed,  the  overall  energy  content  is  enhanced. 

This  paper  starts  from  the  discussion  of  energy.  Theoretic 
contributions  of  TN  as  an  oxidizer  to  propellant  energy  is  examined. 
Calculation  results  show  that  since  TN’s  oxygen  content  is  higher 
than  that  of  Ap,  also  TN  is  an  energy-containing  oxidizer,  there¬ 
fore,  using  TN  as  a  replacement  of  Apto  be  the  oxidizer  enhances  the 
energy  content  of  the  propellant.  The  fact  that  TN  does  not  contain 
Cl  element  makes  TN  a  candidate  to  be  used  in  the  smokeless  pro¬ 
pellant  system. 

The  authors  wish  to  thank  Associate  professor  Jiang  Yu’s 
assistance  and  instruction. 
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Table  I  Comparison  of  calculated  energetic  characteristic 
values  by  computer  program  and  documented  value 

(2)  Serial  number  (6)  Our  method 

(3)  Composition  (7)  Documented  method 

(4)  Calculation  method  (8)  Note:  PV  stands  for  polyethylene 

(5)  Energetic  characteristic  values 
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Table  2  Basic  properties  of  the  compounds  employed 

(2)  Name  of  the  compound  (7)  Polyethylene 

(3)  2,3,5,6-Tetranitrato-l ,4-Dinitropiperazine  (8)  Code  name 

(4)  Amonium  Perchlorite  (9)  Chemical  formula 

(5)  Aluminum  powder  (10)  Density 

(6)  Hydroxyl-Terminated  Poly  Butadiene  (11)  Heat  of  formation 
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Table  3  Effects  of  different  contents  of  TN  and  A1  on  the 
energetic  characteristic  values  of  the  propellants 


(2)  Serial  number 

(3)  Composition 

(4)  Energetic  characteristic  value 
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Figure  1  Influence  of  different  contents  of  TN  and  Al  on  the 
energetic  characteristic  values 
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Table  5  Energetic  characteristic  values  of  TN-HTPB  smokeless 
propellant  system 


(2)  Serial  number 

(3)  Composition 

(A)  Energetic  characteristic  value 


•6  TN-HTPBgnSftftjftMttttftftttftT**) 


Table  6  Specific  impulse  and  combustion  product  of  TN-HTPB 


smokeless  propellant  system 

(2)  Serial  number  (A)  Specific  impulse 

(3)  Composition  (5)  Combustion  product 
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Figure  3  Influence  of  different  contents  of  HTPB  and  TN  on 
energetic  characteristics 
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Figure  4  Influence  of  different  contents  of  HTPB  and  TN  on 
specific  impulse  and  combustion  product 
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